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ABSTRACT 
EFSA is revising and updating the Ecotoxicology Guidance Document on Terrestrial Risk Assessment 
of Pesticides (SANCO/10329/2002). For this purpose an overview was written of available scientific 
information on the composition of non-target arthropod species that occur in and outside crops and 
their vulnerability to pesticides. The taxonomic groups for which sufficient scientific information was 
found were ground beetles (Carabidae), rove beetles (Staphylinidae), spiders (Aranea), hoverflies 
(Syrphidae) springtails (Collembola) and bugs (Heteroptera). Most studies of these groups were 
conducted in Europe and for the larger part in cereals. Types of off-crop habitats varied greatly 
(hedgerows, flower strips, grass edges, trees, etc.). For the six taxonomic groups, the number of 
species and their abundance was higher in the off-crop habitat than in the crop. Additional 
vulnerability analysis based on species traits showed that for insecticides, herbicides and fungicides, 
the average vulnerability of typical off-crop species was higher than that of typical in-crop species. 
The average vulnerability of species that occur in both habitats was intermediate. The difference 
between off-crop and in-crop species can be explained by specific differences in exposure and 
especially recovery. 
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SUMMARY 
EFSA is revising and updating the Ecotoxicology Guidance Document on Terrestrial Risk Assessment 
of Pesticides (SANCO/10329/2002). For this purpose an overview of available scientific information 
on several topics is needed. The aim of the current literature survey was to collect and summarize the 
published scientific literature on (1) the composition of non-target arthropod species that occur in and 
outside crops, (2) their vulnerability to pesticides and (3) their potential to recover from a pesticide 
impact. The survey was aimed at all major groups of non-target arthropods occurring in and outside 
crops. 
 
In order to collect relevant literature on-line searches in various databases were carried out in 
December 2011 and January 2012. The searches addressed two types of scientific information: (1) 
publications with the results of ecotoxicological field studies in which the effects of pesticides on in-
field and off-field communities of non-target arthropod communities are investigated, and (2) 
publications with the results of ecological studies that describe and compare the composition of in-
crop and off-crop communities of non-target arthropods. 
 
The literature searches initially yielded over 1,500 articles for which the abstracts were screened, but 
the number of suitable papers that was finally reviewed was less than 100. The taxonomic groups for 
which sufficient information was found were ground beetles (Carabidae), rove beetles (Staphylinidae), 
spiders (Aranea), hoverflies (Syrphidae) springtails (Collembola) and bugs (Heteroptera). Most studies 
of these groups were conducted in Europe and for the larger part in cereals. Types of off-crop habitats 
varied greatly (hedgerows, flower strips, grass edges, trees, etc.). For these taxonomic groups, the 
number of species and their abundance was higher in the off-crop habitat than in the crop. Most 
species were only found in one or a few studies, indicating that geographic location and specific crop 
and off-crop habitat are important factors determining the species composition. For other important 
non-target arthropod taxonomic groups, no suitable studies were found to evaluate in- and off-crop 
differences in species composition and abundance. These taxonomic groups include grasshoppers, 
butterflies, isopods, lady beetles, bees and wasps. 
 
The available literature was not suitable or contained very little information to assess the sensitivity to 
pesticides and recovery and thus the vulnerability of individual species from a pesticide impact in the 
field. Therefore an additional approach, vulnerability analysis based on species traits, was used. The 
analysis was done for a selection of thirteen species that represent the mentioned dominant taxonomic 
groups. 
This vulnerability analysis showed that for insecticides, herbicides and fungicides, the average 
vulnerability of typical off-crop species was higher than that of typical in-crop species. The average 
vulnerability of species that occur in both habitats was intermediate. The difference between off-crop 
and in-crop species can be explained by differences in exposure and especially recovery. In-crop 
species are less exposed (for instance because they breed out of the pesticide spraying season) and 
have a greater capacity to disperse, migrate and reproduce. It is plausible that such species are more 
typical of in-crop habitats because they are better adapted to the varying circumstances and frequent 
disturbances that occur within arable fields. In the same vulnerability analysis, the two current non-
target arthropod standard test species, the parasitic wasp Aphidius rhopalosiphi and the predatory mite 
Typhlodromus pyri, were found to be the least vulnerable of all species analysed. 
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BACKGROUND AS PROVIDED BY EFSA 
In the European Union, pesticides used to protect plants or plant products are principally regulated by 
Directive 91/414/EEC replaced by Regulation (EC) No 1107/2009 on the 14th of June 2011. 
The risk assessment of pesticides aims to ensure that, when used correctly, these products have no 
harmful effect on human or domestic animal health directly or indirectly (e.g. through drinking water, 
food or feed) and do not adversely affect groundwater quality. In addition, the environmental risk 
assessment has to characterise the potential impact on non-target organisms when the products are 
used correctly. Guidance Documents on risk assessment provide guidance to applicants and Member 
States on how to conduct a risk assessment for a particular area in the context of the peer-review of 
active substances used in plant protection products. 
EFSA`s Panel on Plant Protection Products and their Residues (PPR) has the task of revising and 
updating existing guidance and developing new guidance documents for risk assessment. Related to 
the revision of the Ecotoxicology Guidance Documents SANCO/3268/2001 (Aquatic Ecotoxicology) 
and SANCO/10329/2002 (Terrestrial Ecotoxicology) several topics have been identified where an 
overview of available scientific information is needed. This overview would provide a basis to address 
specific and yet unresolved issues within the update of the Guidance Documents on aquatic and the 
terrestrial risk assessment of pesticides. 
This contract was awarded by EFSA to:  
Alterra, part of Wageningen UR 
Contract title:  Literature reviews on topics of relevance to the revision of the Guidance Documents 
  on Aquatic and Terrestrial Ecotoxicology 
Lot 7- Review of available evidence regarding the vulnerability of off-crop non-target 
arthropod communities in comparison to in-crop non-target arthropod communities. 
Contract number: CT/EFSA/PRAS/2011/05 
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1. Introduction 
1.1. Background 
In the European Union, pesticides used to protect plants or plant products are principally regulated by 
Directive 91/414/EEC replaced by Regulation (EC) No 1107/2009 on the 14th of June 2011. 
The risk assessment of pesticides aims to ensure that, when used correctly, these products have no 
harmful effect on human or domestic animal health directly or indirectly (e.g. through drinking water, 
food or feed) and do not adversely affect groundwater quality. In addition, the environmental risk 
assessment has to characterise the potential impact on non-target organisms when the products are 
used correctly. Guidance Documents on risk assessment provide guidance to applicants and Member 
States on how to conduct a risk assessment for a particular area in the context of the peer-review of 
active substances used in plant protection products. 
EFSA`s Panel on Plant Protection Products and their Residues (PPR) has the task of revising and 
updating existing guidance and developing new guidance documents for risk assessment. Related to 
the revision of the Ecotoxicology Guidance Document SANCO/10329/2002 (Terrestrial 
Ecotoxicology) several topics were identified where an overview of available scientific information is 
needed. This overview would provide a basis to address specific and yet unresolved issues within the 
update of the Guidance Document on terrestrial risk assessment of pesticides. 
One of the topics identified was the vulnerability of off-crop non-target arthropod communities in 
comparison to in-crop non-target communities. In-crop and off-crop non-target terrestrial arthropods 
may be affected differently when pesticides are used in arable fields. First, there is a difference in 
dose. The fields themselves will normally be treated at the recommended application rate whereas the 
areas outside the fields receive drift and thus only a percentage of the application rate. Secondly, 
exposure of arthropods occurs via different routes, i.e. direct exposure (droplets), exposure through 
contact with residues or ingestion of contaminated food (plant material, plant juices, soil, etc.). The 
contribution of each route will differ depending on the characteristics of the crop in the field and the 
vegetation outside the field. Thirdly, there will be differences in arthropod species composition in- and 
off-field and possibly also in the sensitivity to pesticides of the species community present. Finally, 
differences in species composition may result in different recovery rates of affected populations in or 
outside the crops. 
Potential exposure, sensitivity and recovery potential jointly determine the overall ecological 
vulnerability of a species to the impact of a pesticide. A species for example that, because of its habitat 
preference, is readily exposed to a pesticide in the field and recovers slowly is more vulnerable than a 
species that is less exposed and has a faster recovery, even if the sensitivity of both species would be 
similar. 
A review of the available evidence based on scientific literature regarding the vulnerability of off-crop 
versus in-crop non-target arthropod communities was assigned by the EFSA to Alterra, part of 
Wageningen UR, in The Netherlands. The current report provides the results of this commission. 
1.2. Objectives 
The aim of the survey was to collect and summarize the published scientific literature on (1) the 
composition of non-target arthropod species that occur in and outside crops, (2) their sensitivity to 
pesticides and (3) their potential to recover from a pesticide impact. Population recovery includes both 
aspects of reproduction and dispersion capabilities. The survey was aimed at all major groups of non-
target arthropods occurring in and outside crops. The results of this survey are used to generate general 
conclusions on the vulnerability of non-target arthropod species in and outside crops.  
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In addition a short vulnerability analysis was carried out. Vulnerability analysis is a recent method 
developed by our team that uses ecological traits of species to make an assessment of their overall 
vulnerability to a pollutant (De Lange et al., 2006, 2009, 2010). The results of the literature survey 
were used to identify a limited number of relevant in- and off-crop model species and semi-
quantitative ecological information on these species was gathered. The outcome of vulnerability 
analysis is an index value between 0 and 1 that summarizes the vulnerability of each selected species. 
The values for the species are in turn used to calculate the relative overall vulnerability of the in- and 
off-crop non-target arthropod species assemblages. Vulnerability analysis also provides insight in the 
underlying physiological and ecological causes that make species more or less vulnerable to certain 
pesticides.  
1.3. Characterisation of off-crop and in-crop habitats 
There is a large variety in crop-edge, boundary and off-crop habitats, and off-crop habitat can be 
distinguished in a number of microhabitats (Figure 1). In this report the terms in-crop versus off-crop 
and in-field versus off-field are used interchangeably, and their meaning is used similarly. Off-crop 
habitats fulfil several important functions for non-target arthropods. They can be important as shelter 
for hibernating invertebrates, for example for beetles and spiders, from where dispersion in spring into 
the crop occurs (e.g. Frank, 1996). The rich vegetation structure provides a larger variety in habitats 
resulting in higher densities and species numbers of spiders and ground beetles (e.g. Kiss et al, 1997). 
Vegetation in hedgerows can provide shelter from spray drift for soil dwelling species, but less so for 
canopy-dwelling species.  
Arthropods can be divided in different categories, depending on their habitat use: 
• soil-dwelling species, such as beetles and spiders, these can be both on soil (epigeic) as in soil 
(endogeic); 
• canopy-dwelling species, such as spiders and bugs; 
• flying flower-visiting species, such as hoverflies, (bumble) bees, and butterflies. 
The first two groups depend on the vegetation structure, and it may be hypothesized that they show the 
largest differences between in-crop and off-crop occurrence. Some of these species can fly as well, 
viz. ground beetles. The flower-visiting species need nectar and pollen to feed on. Off-crop flower 
strips are highly suitable for these groups, but flowering crops can also be attractive. Larval stages of 
flower-visiting species are often canopy-dwellers (for example caterpillars and hoverfly larvae), and 
may have a different food preference (hoverfly larvae are aphid predators, whereas adult hoverflies 
feed on nectar and pollen). 
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2. Methods and Materials  
2.1. Literature survey 
The aim of the literature survey was to review available evidence regarding the vulnerability to 
pesticides of off-crop non-target arthropod communities in comparison to in-crop non-target arthropod 
communities. The survey focused on two main issues: 
• Differences in species composition between off-field and in-field communities. 
• Differences in sensitivity and recovery potential between off-field and in-field species. 
 
In order to collect relevant literature for this purpose a series of on-line literature searches was carried 
out in December 2011 and January 2012. The searches addressed two types of scientific information: 
• Articles/papers with the results of ecotoxicological studies in which the effects of pesticides 
on in-field and off-field communities of non-target arthropod communities were investigated 
in the field (search A). 
• Articles/papers with the results of ecological studies that describe and compare the 
composition of in-field and off-field communities of non-target arthropods (search B). 
2.1.1. Databases 
The following five databases were searched: 
Database Scope and coverage Publisher 
CAB Abstracts Covers the fields of agriculture, forestry, human 
health and nutrition, animal health, and the 
management and conservation of natural resources 
from over 7,500 serials 
CAB 
International 
Biological 
Abstracts 
Encompasses the entire field of life sciences and 
provides comprehensive coverage of the world’s 
published biological and biomedical research. More 
than 6,500 serials are monitored for inclusion 
Thomson 
Reuters 
Zoological Record Indexes zoological literature from over 5,000 
international serials 
Thomson 
Reuters 
Scopus A multidisciplinary bibliography which covers over 
19,500 titles (including 18,500 peer reviewed 
journals)  
Elsevier 
B.V. 
Web of Science A multidisciplinary bibliography which covers over 
12,000 high impact journals. 
Thomson 
Reuters 
 
2.1.2. Search protocols 
The search protocols were developed and refined using CAB abstracts as the first database. The final 
protocol was later applied to all databases. Based on these protocols the searches can be repeated in 
the future. The protocols were not entirely similar because the databases do not always have the same 
search options and sometimes different codes and commands must be used. Search terms were 
searched in the titles, abstracts and keywords of the publications in the databases. 
The search protocols and the results of the searches in terms of the number of hits per search criterion 
for all five searched databases are provided in Appendix A. In each database we first performed search 
A (ecotoxicology) and then search B (ecology).  
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In search A four groups of keywords were combined with each other. The publications in these four 
categories were combined with each other using the Boolean term ‘AND’.  
• Keywords used to collect all publications on arthropods and arthropod groups; 
• Keywords referring to the non-target status of the arthropods, including keywords for 
beneficials, natural enemies, etc; 
• Keywords for pesticides and for chemical and functional groups of pesticides; 
• Keywords referring to location, e.g., in-field, in-crop, out-field, out-crop, field margin, edge, 
boundary etc. 
 
In search B the first two categories of keywords of search A were used as well. However, in search B 
we did not use the group with keywords for pesticides. In contrast to search A the in-field/in-crop 
keywords and out-field/out-crop keywords were used separately. Another group of keywords consisted 
of terms like community, species composition, species assemblage etc. These five groups were 
combined with each other using the Boolean term ‘AND’. Since we used separate groups of keywords 
for locations inside fields and outside fields, the assumption was that this action would produce a list 
of references to studies that investigated the arthropod fauna in and outside fields at the same time. 
In CAB Abstracts we made use of their hierarchical structure of thesaurus terms for arthropods and 
pesticides (through the ‘explode’ command the underlying keywords of all lower levels are included). 
In Biological Abstracts and Zoological Record we also used their hierarchy for taxonomic terms and 
pesticides. In Scopus and Web of Science we had to describe the arthropod orders separately and the 
different pesticide groups separately. 
2.1.3. Criteria for further selection of suitable literature 
All retrieved records of the combined searches (A and B) were included in an EndNote library called 
EFSAlot7.enlx. The database provides the DOI for an article when this was available. Removal of 
duplicates retrieved from the different databases left 1539 records in this library.  
The search for topic A in CAB Abstracts initially produced a large number of records (more than 
1,000). A first glance at the results revealed that many studies were retrieved because they contained 
terms like “in crop”, “in field”, etc. This meant for example that all studies with the phrase “in crop 
protection …” or “in field experiments …” were selected. Most of these studies, however, were not 
relevant to our research questions. For this database we therefore restricted the search by eliminating 
these terms. For the other databases this was not necessary. 
The titles and abstracts of all 1539 papers in the EndNote library were screened by the key expert. Full 
texts of papers that were thought to contain useful information for the purpose of the literature study 
were collected in order to screen their contents more carefully. Papers for which the full text versions 
were ordered were those that contained either: 
• straightforward information on the effects of pesticides on non-target arthropods and their 
recovery inside and outside crop fields, or 
• information on the species composition inside and outside fields at one and the same study 
site.  
Local and regional climate and landscape factors are thought to have a large impact on the non-target 
arthropod fauna, both inside and outside a field with a certain crop. Winter wheat fields and their 
margins in southern Sweden will not contain the same species as such fields in northern France. 
Therefore, differences between in-field and off-field species composition can only properly be inferred 
from studies on communities in and outside fields at the same site.  
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Papers on studies in other parts of the world than Europe were only ordered when these studies were 
done in a climate zone similar to Europe and in crops that are grown in Europe. This excluded most 
papers on Africa, South America and tropical South and South-East Asia but not necessarily any 
relevant studies from North America or for instance from China or Japan. Papers in a language other 
than English were only ordered when the English abstract indicated that the study was crucial for our 
purpose. 
This resulted in a selection of 255 papers that were ordered for this review, of which less than 100 
ultimately proved to be suitable for our research questions. 
2.2. Ecological vulnerability analysis 
2.2.1. Background 
Ecological Vulnerability Analysis was developed at Alterra as an additional tool in ecological risk 
assessment of toxicants (De Lange et al., 2006, 2009, 2010). Since species differ not only in their 
toxicological sensitivity, but also in the ecological traits that determine their exposure to a contaminant 
and population recovery after an effect, the term ecological vulnerability is more appropriate. This 
term includes potential exposure to a contaminant, toxicological sensitivity and population recovery 
capacity. Thus, ecological vulnerability encompasses the extent to which species experience 
population-level effects of contamination in the field as a result of their specific ecological traits and 
toxicological sensitivity (De Lange et al., 2009).  
Ecological Vulnerability Analysis uses ecological traits for individual species to assess their exposure 
to contaminants, internal regulation and toxicological sensitivity to toxicants, and potential for 
population recovery from harmful effects. The method was developed for both vertebrates and 
invertebrates. Species are ranked by a multi-criteria approach, using weight factors assigned through 
expert judgment in order to weigh the relative contribution of each ecological characteristic to overall 
vulnerability given a particular environmental contaminant. Ecological Vulnerability Analysis was 
originally developed for six model compounds and soil contamination: chlorpyrifos, ivermectin, 
copper, zinc, cadmium and DDT (De Lange et al., 2006). Recently, the vulnerability of aquatic 
invertebrates to chlorpyrifos was compared with their sensitivity measured in laboratory experiments 
(De Lange et al., 2011).  
Frampton & Çilgi (1994) give a description of factors that influence the impact of pesticides on 
arthropods, divided into exposure and population recovery. The factors that describe exposure can be 
divided into pesticide application characteristics (factor 1-4), and ecological traits of the species 
(factor 5-7): 
1. Time of year: crop canopy may protect ground-dwelling species, breeding and migration from 
and to field margin.  
2. Crop: different crops require different pesticides, type and density of foliage. 
3. Management practice: intensive, integrated or organic. 
4. Type of pesticide: foliar spray, seed coating. 
5. Activity and climbing behaviour of invertebrates: active foraging enhances likelihood of 
exposure, compared with sedentary behaviour. 
6. Overwintering behaviour: as adult or larvae, in crop or in field margin. 
7. Breeding timing: autumn breeders divide the risk of winter exposure over larvae and adults; 
spring breeders have only adults in winter that may experience severe effects of winter 
application of pesticide.  
Recovery of populations is influenced by the following factors (c.f. Frampton & Çilgi, 1994): 
1. Dispersal ability: species that are capable of flight have better dispersal ability; 
2. Reproduction: number of reproductions per year. 
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2.2.2. Selected ecological traits 
We applied a simplified form of Ecological Vulnerability Analysis. The original analysis uses 19 
different traits, describing the different factors of exposure, sensitivity and population recovery. Not 
all of these traits are relevant for arthropods and pesticides. We therefore selected five traits that 
describe the main factors of exposure and recovery, and that are manageable to collect for arthropod 
species (Table 1). Aim of the vulnerability analysis was to provide a basic analysis in which exposure 
and recovery can be separated. Sensitivity is possible to include. However there was very little toxicity 
information available for specific species of terrestrial arthropods other than a few test species. The 
analysis does not include indirect effects through changes in predator pressure or prey abundance. It 
does however include indirect effects through habitat destruction by herbicides (see paragraph 2.2.3). 
Vulnerability analysis was performed for a selection of species based on the inventory of species 
composition in-field and off-field. Semi-quantitative information on five traits was collected by 
additional literature research and from the Alterra arthropod database. Each trait is divided into classes 
that reflect the exposure and recovery factors deemed important for vulnerability to pesticides. Each 
trait class is given a standardized score, where 0 represents minimum vulnerability and 1 represents 
maximum vulnerability (see previous paragraph). The contribution of each trait to the overall 
vulnerability is weighed with a weight factor. The weight factor depends on the stressor, and is further 
described in paragraph 2.2.3. 
Table 1:  Traits used to characterise non-target arthropod species in vulnerability analysis. 
 Trait Trait classes Standardized score 
Exposure habitat  in soil (endogeic) 0 
  on soil (epigeic) 0.5 
  on canopy or flying 1 
    
 food  prey 0 
  nectar/pollen 0.5 
  vegetation 1 
    
 breeding period autumn 0 
  spring 1 
    
Recovery dispersion flying 0 
  ballooning 0.333 
  walking and flying 0.667 
  walking only 1 
    
 reproduction bi/multivoltine a 0 
  univoltine b 1 
(a) several generations per year 
(b) one generation per year 
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2.2.3. Pesticide-crop combinations 
Vulnerability analysis was applied to four representative pesticide-crop combinations. These were 
selected to represent common pest management practices:  
• Winter wheat – insecticide (for example chlorpyrifos or dimethoate) 
• Winter wheat – herbicide (for example glyphosate) 
• Orchard/vineyard – fungicide (for example mancozeb) 
• Vegetables – insecticide (for example chlorpyrifos or dimethoate) 
For each pesticide-crop combination, the contribution of each trait to vulnerability was weighed 
differently, using weight factors established by expert judgement of two experts (Table 2). The weight 
factors reflect the timing of pesticide application in relation to crop and the underlying mechanisms 
that may cause an impact. The exposure to insecticide was judged to occur through habitat choice and 
timing of breeding, not via food. Exposure to herbicide on the other hand, was estimated to work 
indirectly through changes in vegetation (destroyed habitat) and via food (reduced/diminished food 
availability), not via timing of breeding. Exposure to fungicides was estimated to occur via all three 
routes. Recovery was estimated to be independent of the stressor and to depend only on the species’ 
traits (for further description, see De Lange et al., 2006).  
Overall vulnerability scores per species were calculated as: 
Σ [trait class score * weight factor].  
 
Table 2:  Weight factors for non-target arthropod species traits used for vulnerability analysis of 
species occurring in different crop-pesticide combinations. 
Trait Winter wheat - 
insecticide 
Winter wheat - 
herbicide 
Orchard/vineyard - 
fungicide 
Vegetables - 
insecticide 
Habitat  
0.25 0.50 0.167 0.25 
Food  
0 0.20 0.167 0 
Breeding period 
0.25 0 0.167 0.25 
Dispersion 
0.25 0.25 0.25 0.25 
Reproduction 
0.25 0.25 0.25 0.25 
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3. Results 
3.1. Effect studies 
The selected papers that were ordered were first screened for field studies in which the impact of 
pesticide treatments on in-crop and off-crop non-target arthropod communities were assessed 
simultaneously. Such field studies would constitute the most direct proof of a difference in effects on 
and recovery of in-crop versus off-crop communities. Such studies, however, were almost completely 
absent. Only two papers combined in-crop and off-crop effects. Moreby et al. (1997) reported no 
difference between the impact of three fungicides on the heteropteran community in crop headland and 
field edge. Frampton (2002) studied two contrasting pesticide regimes. The current farm practice 
resulted in a significant reduction in Collembolan abundance and species richness compared with the 
reduced input approach, whereas the effects in the field edge were less severe and not persistent. Some 
other studies (ca. 10) focused on only the in-crop or off-crop non-target arthropod community and 
their response to pesticide treatment. Investigations of off-crop arthropod communities were mostly 
aimed at assessing their role in the landscape. 
Because there is very little direct evidence of the effects on on-crop and off-crop communities, the 
potential differences are further evaluated using indirect evidence, i.e., through an assessment of the 
differences in species composition and the vulnerability of in-crop versus off-crop species 
assemblages. 
3.2. Species composition in simultaneous in-crop/off-crop studies 
The number of studies that could be used to directly compare in-crop species to off-crop species was 
rather small. Of the 255 papers that were ordered for this review, only 34 could be used that compared 
the in-field community with the adjacent off-field community in the same study. In several studies 
multiple taxonomic groups were investigated, but most studies were focused on only one or two 
taxonomic groups, viz. only carabid beetles or only spiders. For only four taxonomic groups there 
were three or more appropriate studies available: carabid beetles, rove beetles, hoverflies and spiders 
(Table 3). For collembolans and bugs two and one suitable studies were found respectively. All these 
studies were European.  
In a study by Dramstadt & Fry (1995) information on bumble bee species composition on flowering 
plants is given, which were only present off-crop. Also, for butterflies there is no appropriate study 
available to compare species composition in-crop and off-crop. There are only studies available that 
provide butterfly species information on field margins and vegetation effects (e.g. Frank, 1998; 
Saarinen et al., 1998), or landscape effects (e.g. Morandin et al., 2005; Rundlof et al., 2008). Important 
groups for which ultimately no suitable studies were found included: grasshoppers (Orthoptera), 
butterflies (Lepidoptera), Isopoda, lady beetles (Coccinellidae), bees and wasps (Hymenoptera). 
Carabid beetles proved to be the best studied group with 12 studies that were appropriate for our 
demands. For all other groups the number of studies was very low. Furthermore, for all taxonomic 
groups many species were reported in only one study. This may be caused by regional and habitat 
differences in species composition between studies, for example different crops and different types of 
off-field habitats such as hedgerows, wild flower strips or weed strips. 
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Table 3:  Number of studies available per taxonomic group of non-target arthropods in which in-
field habitats and off-field habitats were investigated in the same study at the same study site. 
Including a description of crop type, off-field habitat and country of the study. Species names and 
details in Appendix B. 
Taxonomic group # 
Studies 
Crop type Off-field habitat Country 
Carabidae 12 cereal (5 studies) 
winter wheat (3 studies) 
maize 
spring barley 
oilseed rape 
vegetables 
field edge/ boundary/ margin (7 
studies) 
weed strip (2 studies) 
hedgerow 
wild flower strip 
grass edge  
England (3 studies) 
Switzerland (3 studies) 
Hungary (2 studies) 
Sweden 
Belgium 
Germany 
Austria 
Staphylinidae 3 cereal (2 studies) 
pasture 
boundary 
weed strip 
edge 
England 
Belgium 
Switzerland 
Syrphidae 5 winter wheat (4 studies) 
arable 
flower strip/margin (2 studies) 
nettle strip 
grass/hedge/trees 
grass/flower strip 
England (2 studies) 
Belgium (2 studies) 
Germany 
Araneae 5 winter wheat (3 studies) 
apple orchard 
cereal 
field margin (4 studies) 
wild flower strip 
Hungary (3 studies) 
Austria 
Switzerland 
Collembola 2 spring barley 
winter wheat 
hedgerow 
field edge 
England (2 studies) 
Heteroptera 1 vegetables 
cereal 
surrounding wild plants 
field edge 
Italy 
England 
 
Most studies reported only the dominant species and did not provide the full species list of the whole 
study. Therefore we could only summarize the study results in terms of the dominant species, 
following the authors in their description. Not all studies reported abundances. In those cases that 
abundances were reported, time scales over which the species abundance was measured varied 
considerably. The different methods to catch arthropods (pitfall or suction) also hampered the 
simultaneous comparison of abundance.  
Considering these large differences between studies in species abundances, we chose to summarise the 
studies in a presence/absence type of analysis. Detailed lists of species occurring in-field and off-field 
are given in Appendix B for each taxonomic group. The average numbers of dominant species for 
each taxonomic group are presented in Table 4. The number of species off-crop is higher than in-crop 
for all taxonomic groups except for Araneae, for which the number of dominant in- and off-crop 
species was on average similar.  
Table 4:  Average number of dominant species of non-target arthropods per study reported present 
in-crop, off-crop or in both habitats. The full range is given between parentheses. Studies in which in-
field habitats and off-field habitats were investigated in the same study at the same study site. 
Taxonomic group Average # species in-
crop 
Average # species off-
crop 
Average # shared 
species 
Carabidae dominant species (12 studies) 3.8 (0-11) 6.1 (1-14) 1.5 (0-5) 
Staphylinidae dominant species (3 
studies) 
5.7 (2-10) 12.3 (8-19) 4.0 (0-8) 
Syrphidae dominant species (5 studies) 2.2 (1-3) 4.0 (1-7) 2.2 (1-3) 
Araneae dominant species (5 studies) 4.6 (2-7) 4.4 (2-6) 1.2 (0-2) 
Collembola dominant species (2 studies) 2.5 (2-3) 4 (4-4) 1.5 (1-2) 
Heteroptera dominant species (2 studies) 9 (4-14) 18.5 (11-26) 9 (4-14) 
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When we combine the separate studies into a large species list per taxonomic group (see Appendix B), 
the following pattern can be deduced: 
• Ground beetles - Carabidae. 20 of the 58 reported species were found in more than one study. 
Ten species occurred only in-field, 16 were found both in-field and off-field, and 32 were 
found only off-field. 
• Rove beetles - Staphylinidae. Only three of the 37 species were reported in more than one 
study. Five species were found only in-crop, 13 species were found both in-crop and off-crop, 
and 19 species were found only off-crop. 
• Hover flies - Syrphidae. Despite that the study sites were all West European, only one out of 
17 species was found in more than one study. In fact this species, Episyrphus balteatus, was 
found in all five studies. There was no species found only in-crop, 10 species were found both 
in-crop and off-crop, and 7 species were found only off-crop. 
• Spiders - Araneae. Ten of the 23 species in total were observed at more than one of the three 
study sites (all Central European). Six species were observed only in-crop, six species were 
observed both in-crop and off-crop, and 11 species were observed only off-crop. 
• Springtails – Collembola. None out of the ten species reported were observed in both studies. 
Two species were observed only in-crop, three species were observed both in-crop and off-
crop, and five species were observed only off-crop. 
• Bugs – Heteroptera. Only one of the 37 species in total was observed in both studies. No 
species was observed only in-crop, 17 species were observed both in-crop and off-crop and 20 
species were observed only off-crop. 
In general, the species composition differed considerably between studies, probably reflecting 
differences in habitat and geographic location. The overall picture that clearly emerges is that richness 
and abundance of species of all taxonomic groups except spiders is higher off-crop than in-crop.  
In Table 3, Table 4 and Appendix B studies that reported results at the level of individual species were 
summarised. However, not all studies provided information on species composition at the species 
level, some only gave summed abundances for taxonomic groups. From these studies the same 
conclusion could be drawn, i.e., that species richness was higher in the off-crop habitats than in-crop 
(Sotherton, 1984: arthropod predators; Dennis & Fry, 1992: arthropod predators; Gates et al., 1997: 
Araneae and Carabidae; Carmona & Landis, 1999: Carabidae; Sutherland et al., 2001: Syrphidae; 
Smith et al., 2008: Coleoptera; Batáry et al., 2012: Araneae and Carabidae). 
The following explanations can be given for this difference in species richness: 
• Field margins are richer in structure, providing a larger habitat variety.  
• Field margins are also a more constant habitat, whereas the habitat in the field is changing 
frequently and rapidly.  
An important characteristic of arable fields is that they are strongly and repeatedly disturbed by tillage, 
harvest, pesticide application and other field works, while occasional disturbance in the margins 
(mowing, pesticide drifting) does not destroy the habitat basically. As a consequence, pioneer species 
dominate the European arable fields, resulting in a relative uniformity. Most of these pioneer species 
are frequent in the margins as well, but species assemblages of the margins are more diverse than 
those of the fields (e.g. Toth & Kiss, 1999). Field margins serve as an overwintering habitat for many 
species (e.g. Carabidae, Araneae, Collembola), and act as a source for dispersion from field margins 
into fields. 
3.3. Communities in separate in-crop and off-crop studies 
Because the number of 34 suitable studies on in- and off-crop habitats simultaneously was considered 
rather low, other studies were also screened. An additional 65 papers that were collected described 
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non-target arthropods in either the in-crop or off-crop habitat but not in both simultaneously. Of these, 
22 papers contained data on either abundance or species richness per taxonomic group (Table 5). 
However, the sampling method differed considerably between studies (see Appendix C). In general, 
for Carabidae, Staphylinidae and Araneae, pitfall traps were used and sometimes soil cores or vacuum 
suction. For flying insects such as Apidae, Syrphidae and Lepidoptera, sweep netting was often used 
and sometimes line-transect counts. Considering all the different sampling efficiencies of the methods 
used, it is not justified to compare abundances between these studies. Species richness may be 
compared tentatively between studies (Table 6), but one should realize that observed species richness 
depends on the sampling intensity. Eight other taxonomic groups are described in Appendix C, with 
only one study per taxonomic group. These are therefore not suitable to draw general conclusions on 
differences between in-crop and off-crop non-target arthropod communities. 
Table 5:  Number of additional studies available per taxonomic group of non-target arthropods for 
studies that were aimed at either in-field habitats or off-field habitats, not both in the same study at the 
same study site. Including a description of crop type or off-field habitat and country of the study. Data 
on species richness and abundances are given in Appendix C. 
Taxonomic 
group 
In-field  Off-field 
# 
studies 
crop type countries  # 
studies 
off-field habitat countries 
Araneae 12 various 
winter wheat 
spring wheat 
strawberry 
set-aside 
barley 
cereal 
meadow 
England (4 
studies) 
Germany (4 
studies) 
Poland (2 studies) 
Switzerland 
various 
 4 hedgerow 
beetle bank or 
hedge 
boundary 
edge 
England (3 
studies) 
Germany 
Carabidae 8 winter wheat 
cereal 
strawberry 
set-aside 
meadow 
rotation crops 
England (2 
studies) 
Netherlands (2 
studies) 
Poland (2 studies) 
Germany 
USA 
 5 beetle bank 
hedge 
margin 
refuge strip 
England (2 
studies) 
Sweden 
USA 
Germany 
Staphylinidae 4 carrots 
strawberry 
winter wheat 
various 
Belgium 
England 
Poland 
Switzerland 
 2 beetle bank 
hedge 
margin 
Sweden 
England 
Apidae 3 cereal 
winter wheat 
rapeseed 
Hungary 
Germany 
Canada 
 1 field margins Sweden 
Lepidoptera 0    4 field margins 
field borders  
Sweden (3 
studies) 
England 
Syrphidae 3 flower patches in winter 
barley 
carrots 
winter wheat 
England 
Belgium 
Netherlands 
 3 field margins Sweden (2 
studies) 
England 
Coleoptera 2 set-aside 
winter wheat 
England (2 
studies) 
 2 hedgerow England (2 
studies) 
arthropod 
predators 
3 winter wheat 
cereal 
various 
Switzerland 
England 
Norway 
 2 grass field 
margin 
field boundary 
England 
Norway 
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Table 6 shows that only few studies reported species richness for specific taxonomic groups and that 
for only two taxonomic groups, Coleoptera and Apididae, species richness was reported for in-crop 
and off-crop habitats (but in different studies). The data on Coleoptera seem to confirm the earlier 
conclusion that in-crop habitats are less rich in species that off-crop habitats. However because this 
conclusion is based on only one in-crop versus one off-crop study, both conducted in England but at 
different geographic locations, this conclusion is tentative. 
On the basis of Table 6 one could also be lead into thinking that species richness of Apididae is higher 
inside crops than off-crop. This is also speculative. First, the number of studies for this conclusion is 
low (two per type of habitat). Secondly, the two off-crop studies are conducted in Scandinavia 
(Sweden and Finland) and the two in-crop studies in Central Europe (Germany and Hungary). Thirdly, 
three studies applied line transect counts (active sampling), but one used pan traps (passive sampling). 
Finally, some of these studies concerned only honey bees and others only bumble bees. 
In summary, the additional studies that were screened provided too little and too fragmentary 
information to allow any robust additional conclusions on differences in non-target arthropods species 
and community composition as compared to the previous section. 
Table 6:  Average number of dominant species of non-target arthropods per study reported present 
in-crop or off-crop. Studies were aimed at either in-field habitats or off-field habitats, not both in the 
same study at the same study site. The number of suitable studies is given in parentheses. 
Taxonomic group Average # species in-crop Average # species off-crop 
Carabidae  11 (1)  
Araneae  44 (3)  
Coleoptera  10 (1) 17 (1) 
Apidae  11 (2) 4 (2) 
Lepidoptera  6 (2) 
 
3.4. Sensitivity 
The sensitivity of a species to a chemical such as a pesticide determines to what extent a harmful 
effect occurs at a given concentration. The sensitivity is usually assessed by exposing test species in 
the laboratory, i.e., under controlled environmental circumstances, to a range of increasing 
concentrations of a toxicant. The current literature survey did not include a review of the available 
literature on the sensitivities of non-target arthropod species as measured in laboratory experiments, 
neither for standard test species, nor for the species that were found in the field studies that were 
evaluated in the previous paragraphs. Sporadic information on the effect of pesticide X on species Y 
does exist but in general such data are too scarce to draw any significant general conclusions, such as 
on the difference in sensitivity between in-crop and off-crop species, let alone between in-crop and of-
crop species communities. For the species that were selected for vulnerability analysis (Table 9), we 
checked if individual sensitivity data existed in the US-EPA Ecotox database 
(http://cfpub.epa.gov/ecotox/), but except for the standard test species Typhlodromus pyri and 
Aphidius rhopalosiphi, almost no such data could be found. 
The question of sensitivity of in-crop species versus off-crop species was also addressed by Vogt 
(2000) who compared in a meta-analysis the sensitivity of 21 beneficial terrestrial arthropod species 
and the 2 indicator test species and 75 pesticides measured in four Joint Pesticide Testing Programmes 
laboratory studies. From this comparison it was concluded that the two indicator species Aphidius spp. 
and Typhlodromus pyri are adequate as a first testing tier for in-crop risk evaluation. However, in 26% 
of the cases another species was more sensitive than these two indicator species. These more sensitive 
species were the carabid beetle Bembidion lampros, the hoverfly Syrphus corollae, the parasitic wasp 
Trichogramma cacoeciae, the lacewing Chrysoperla carnea, the bug Anthocoris nemoralis, and the 
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rove beetle Aleochara bilineata. The protection of off-crop areas containing habitats for arthropod 
guilds represented by these species may not be achieved by the two indicator species. Vogt (2000) 
recommends that species from orders more representative for off-crop habitats, such as Diptera, 
Lepidoptera and Collembola, need to be considered for protecting off-crop habitats.  
Indirect evidence on species sensitivity may come from field studies with pesticides and for this 
literature survey we did collect such publications. However, in field studies usually only a single dose 
or application rate of a pesticide is used and such studies can therefore only demonstrate which species 
and taxonomic groups are initially affected by the treatment or not. Effect studies conducted in the 
field from which such a relative species specific sensitivity could possibly be deduced are given in 
Table 7. Similar studies reporting results for larger taxonomic groups are summarised in Table 8. The 
number of suitable studies found is relatively limited. The individual species in Table 7 are mostly 
species occurring both in-crop and off-crop. Therefore, a general pattern of the sensitivity of in-crop 
species compared with off-crop species under field conditions cannot be inferred from these studies.  
There are several review studies and meta-analyses available that compare the sensitivity amongst 
larger taxonomic groups to pesticide input and management practice. The negative impact of 
pesticides on non-target arthropods is confirmed by Frampton & Dorne (2007), who performed a 
meta-analysis of 23 studies, to assess the impact of pesticide restriction in arable crop edges on 
naturally occurring terrestrial invertebrates (Carabidae, Heteroptera, Staphylinidae, Lepidoptera). They 
concluded that pesticide restriction benefits the off-crop arthropods. Comparing agricultural 
management systems in a meta-analysis of 33 studies showed that organic farming, contrary to 
standard practices using pesticides, benefits biodiversity of spiders, butterflies and other arthropods, 
but less convincingly for beetles (Bartram & Perkins, 2003). For Carabidae the non-crop habitats are 
very important (Holland & Luff, 2000). Carabidae are sensitive to insecticide application, but refuge 
strips ameliorate the insecticide effect (Lee et al., 2001). Spider communities in-crop originate from 
various habitats, such as meadows, forests and margins of water bodies, but spiders are in general less 
abundant in-crop than in natural ecosystems, and size is smaller (Luczak, 1979). 
 Vulnerability of non-target arthropod communities 
 
Supporting publications 2012:EN-348        19 
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food 
Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an 
output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the 
rights of the authors. 
 
Table 7:  Overview of effect studies on non-target arthropods conducted in the field, with reported impact on species and their recovery.  
Taxonomic group Species  Pesticide Application rate 
(g a.i./ha) 
Impact (as reported by authors) Recovery (as reported by authors) Reference 
Carabidae Pterostichus vulgaris Parathion-ethyl 125-250 high kill  Basedow, 1976 
Carabidae Pterostichus cupreus Parathion-ethyl 125-250 high kill  Basedow, 1976 
Carabidae Pterostichus vulgaris fenitrothion 600 reduced numbers short period Basedow, 1976 
Carabidae Pterostichus niger fenitrothion 600 reduced numbers short period Basedow, 1976 
Carabidae Carabus spp methoxychlor 600 high kill  Basedow, 1976 
Carabidae Pterostichus vulgaris methoxychlor 600 high kill  Basedow, 1976 
Carabidae Agonum dorsale b methoxychlor 600 no effect  Basedow, 1976 
Carabidae Bembidion lampros b methoxychlor 600 no effect  Basedow, 1976 
Carabidae Clivina fossor b deltamethrin 5 significant kill  Everts et al., 1989 
Carabidae Trechus quadristriatus b fenitrothion 500-1500 significant kill  Everts et al., 1989 
Collembola Lepidocyrtus spp b current farm practice various pesticides
at different rates 
significantly reduced poor recovery ability Frampton, 2002 
Collembola Entomobrya nicoleta b current farm practice various pesticides
at different rates 
significantly reduced poor recovery ability Frampton, 2002 
Erigonidae Erigone atra a bromophos-ethyl 380 significant kill  Everts et al., 1989 
Erigonidae Erigone atra a deltamethrin 5 significant kill  Everts et al., 1989 
Erigonidae Oedothorax apicatus b deltamethrin 5 significant kill  Everts et al., 1989 
Linyphiidae Meioneta rurestris a bromophos-ethyl 380 significant kill  Everts et al., 1989 
       
Linyphiidae Meioneta rurestris a deltamethrin 5 significant kill  Everts et al., 1989 
Linyphiidae Batyphantes gracilis fenitrothion 500-1500 significant kill after 16 weeks Everts et al., 1989 
Linyphiidae Lepthyphantes tenuis fenitrothion 500-1500 significant kill after 7 weeks Everts et al., 1989 
Linyphiidae Lepthyphantes tenuis glyphosate 360-1440  indirect effect via destructed habitat quick, via dispersal (ballooning) Haughton et al., 2001 
Carabidae Pterostichus madidus b dimethoate 0.86 litre/ha reduced abundance  Holland et al., 2000 
Carabidae Pterostichus melanarius b dimethoate 0.86 litre/ha reduced abundance  Holland et al., 2000 
Braconidae Aphidius spp. dimethoate 0.86 litre/ha reduced abundance  Holland et al., 2000 
a) species only in-crop 
b) species both in-crop and off-crop 
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Table 8:  Overview of pesticide effect studies on non-target arthropods conducted in the field, with 
reported impact on taxonomic groups.  
Taxonomic group Pesticide Application rate
(g a.i./ha) 
Impact Reference 
Syrphidae herbicide 
treated 
headlands 
not specified, “normal 
farm practice” 
decrease in abundance Cowgill et 
al., 1993 
Coccinellidae, Syrphidae, Chrysopidae, 
Heteroptera 
sprayed and 
unsprayed 
field edges 
not specified decrease in abundance 
for these groups for 
both measurement 
years 
De Snoo & 
De Leeuw, 
1996 
Cantharidae, Nitidulidae, Elateridae, 
Chrysomelidae, Curculionidae, 
Staphilinidae, Carabidae, Scatophagidae, 
Dolichopodidae, Asilidae, Empididae, 
Stratiomyidae, Tipulidae, Apidae, 
Symphyta, Cicadellidae, Heterocera 
sprayed and 
unsprayed 
field edges 
not specified no consistent effect De Snoo & 
De Leeuw, 
1996 
Araneae herbicide 
glyphosate 
360-1440 decrease in abundance, 
due to indirect effect 
Haughton 
et al., 2001 
Heteroptera fungicides tridemorph 750 
propiconazole 250 
prochloraz 400 
no effect Moreby et 
al., 1997 
Heteroptera aphidicides  phosalone 350 
pirimicarb 500 
demeton-S-methyl 580 
dimethoate 400 
phosalone and 
pirimicarb non-
significant effects. 
dimethoate and 
demeton-S-methyl 
significant reduction in 
abundance 
 
Moreby et 
al., 1997 
total Heteroptera, Auchenorrhyncha, 
Staphylinidae, Curculionidae,  total 
Diptera 
herbicide 
mixtures 
metsulfuron-methyl +  
thifensulfuronmethyl 
mecoprop 220 L/ha 
diflufenican + 
isoproturon 220 L/ha 
mecoprop diflufenican 
+ isoproturon 220 L/ha 
decrease in abundance Moreby & 
Southway, 
1999 
Aphididae, Carabidae, Chrysomelidae, 
Symphyta larvae, Lepidoptera larvae 
herbicide metsulfuron-methyl +  
thifensulfuronmethyl 
mecoprop 220 L/ha 
diflufenican + 
isoproturon 220 L/ha 
mecoprop diflufenican 
+ isoproturon 220 L/ha 
no effect Moreby & 
Southway, 
1999 
Collembola aphidicides  chlorpyrifos 480 
cypermethirn 100 
pirimicarb 500 
decrease in abundance 
after chlorpyrifos, 
increase in abundance 
after cypermethrin, no 
effect of pirimicarb 
Frampton, 
1999 
Collembola current farm 
practice 
various pesticides 
at different rates 
reduced abundance and 
diversity 
Frampton, 
2002 
Linyphiidae, Lycosidae dimethoate 0.86 “L/ha” reduced abundance 
after spraying 
Holland et 
al., 2000 
Staphylinidae, Collembola dimethoate 0.86 “L/ha” no effect on abundance 
after spraying 
Holland et 
al., 2000 
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3.5. Recovery  
We did not find many studies where recovery of non-target arthropod populations was appropriately 
described and not a single study was retrieved in which recovery of in-crop and off-crop communities 
was assessed simultaneously. Some papers on field studies described recovery after pesticide impacts. 
This concerned mainly recolonisation through migration and dispersal, not recovery by reproduction 
of surviving arthropods. A few studies allowed us to draw some very general conclusions about the 
recovery potential of non-target arthropod taxonomic groups. 
Recolonisation in arable fields can occur in two different ways, from unsprayed refuge areas or from 
within sprayed areas. These are termed Type A and Type B by Frampton et al. (2007). According to 
these authors, spatial information on recovery dynamics suggests that predatory arthropods show a 
Type A recovery, whereas Collembola and other prey groups show a Type B recovery. Type B 
recovery may reflect a temporary reduction of predation pressure within sprayed areas, with recovery 
most rapid in areas with the fewest predators (Duffield & Aebischer, 1994).  
A study on dimethoate application in winter wheat fields showed that the three arthropod families 
studied differed in their reinvasion potential (Jepson & Thacker, 1990). Staphylinidae recovered the 
most rapidly and Carabidae the most slowly with the Linyphiidae taking an intermediate position. The 
source of reinvasion differed between the three families with the carabid populations being confined 
within the field in contrast to the other two families which recolonised treated areas from the field 
boundary and beyond. Low mobility and hence low dispersal capacity is described for two Collembola 
species (Frampton, 2002). 
As already mentioned, recovery under field conditions was studied in only a few studies. One 
explanation for this is that to properly study recovery, the duration of the field study should be long 
enough. For most field studies described in this review, this was not the case.  
3.6. Vulnerability analysis 
The literature survey that we conducted showed that there are considerable differences between the 
non-target arthropod communities of in-crop and off-crop habitats, both in terms of the occurrence of 
species and abundance. The literature that we retrieved, however, did not yield enough information to 
judge whether there is a difference in sensitivity and recovery rate between in-crop and off-crop non-
target arthropods. In order to provide more insight in these factors we performed a vulnerability 
analysis of selected species that can be viewed as model species for specific in-crop and off-crop non-
target arthropods or that represent species that occur in both habitats. 
The analysis yields a quantitative description of the relative vulnerability of the selected species and in 
addition provides insight in the most important factors determining the overall vulnerability of the 
species. It should be noted that besides recovery potential vulnerability also includes potential 
exposure of the species, an issue which has not been addressed earlier in this report because it was not 
specifically part of the literature survey. Exposure, however, is an important factor that co-determines 
whether a species is affected by pesticides in the field and potential exposure varies for different 
taxonomical groups because of their different way of life and behaviour. Although sensitivity also 
determines vulnerability of a species, this factor was not included because of insufficient species-
specific information. 
From the literature review on species in-field and off-field, we selected 11 species from different 
taxonomic groups, based on their occurrence in-field, off-field, or both (Table 9). The selected species 
were those that were observed most frequently in different studies. We further added the two required 
non-target arthropod standard test species to our set, Typhlodromus pyri and Aphidius rhopalosiphi 
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4. Discussion  
The literature searches initially yielded over 1,500 articles for which the abstracts were screened. Of 
these papers, some 250 were judged to contain information that could be useful for the purpose of our 
study. The other papers did not contain field data or investigated the effects on target species. In the 
end only 34 articles contained useful information on differences between in-crop and off-crop species 
and communities of non-target arthropods. The most selective criterion for this last selection step 
proved to be that suitable studies needed to have investigated in- and off-crop non-target arthropods at 
the same study site. This was often not the case. An additional 22 studies contained information on 
abundance and species richness in either in-crop or off-crop habitats, but these studies did in the end 
add no relevant additional  information on differences between in-crop and off-crop non-target 
arthropod communities. Some 20 other papers contained data and information on vulnerability, 
sensitivity and recovery of non-target species that was read to try to deduce vulnerability and recovery 
of arthropods. 
The 34 papers contained information on only a few important taxonomic groups occurring in and 
outside crops: ground beetles (Carabidae), rove beetles (Staphylinidae), spiders (Aranea), hoverflies 
(Syrphidae) springtails (Collembola) and bugs (Heteroptera). These studies were all conducted in 
Europe and for the larger part in cereals. Types of off-crop habitats varied greatly (hedgerows, flower 
strips, grass edges, trees, etc.). Most of the selected studies did not provide information on all the 
species found but instead reported only results for dominant species. As a consequence the results of 
our review are also limited to these dominant species and species groups. For all of these taxonomic 
groups, the number of species and their abundance was higher in the off-crop habitat than in the crop, 
meaning that in general the off-crop habitats provide a suitable habitat for more non-target arthropod 
species in these taxonomic groups than the crop itself. The number of reviewed studies was too limited 
to draw general conclusions on the preference for individual in-crop or off-crop habitats by these 
taxonomic groups. However, the fact that most species were only found in one or a few studies 
indicates that geographic location and specific crop and off-crop habitat are important factors 
determining the species composition. The studies did not show that whole taxonomic groups are 
absent from off-crop areas compared to in-crop or vice versa. For many other important non-target 
arthropod taxonomic groups, no suitable studies were found to evaluate in- and off-crop differences in 
species composition and abundance. These taxonomic groups include grasshoppers, butterflies, 
isopods, lady beetles, bees and wasps. 
The higher numbers of species in the off-crop habitats is perhaps no surprise. Field margins are richer 
in structure, providing more habitat variety. Field margins are also a more constant habitat, whereas 
in-field is a more disturbed habitat (ploughing and cultivating). Arable fields are strongly and 
repeatedly disturbed by tillage, harvest, pesticide application and other field works. The result is that 
pioneer species dominate the field communities, resulting in relative uniformity. Most of these pioneer 
species are frequent in the margins as well, but species assemblages of the margins are more diverse 
than those of the fields. Off-crop habitats may also contain more flowering plants that provide pollen 
and nectar to many flying arthropod taxonomic groups such as hover flies but also bees and bumble 
bees. Field margins serve as an overwintering habitat for many species (e.g. Carabidae, Araneae, 
Collembola) and act as a dispersion source into fields.  
The available literature was not suitable or contained very little information to assess the sensitivity to 
pesticides and recovery and thus the vulnerability of individual species from a pesticide impact in the 
field. Therefore it was not possible to assess if there were important differences in the sensitivity and 
recovery between in- and off-crop species assemblages in the six taxonomic groups for which suitable 
field studies were found. However, a review paper by Vogt (2000) showed that the two indicator 
species used in pesticide risk assessment are not in all cases the most sensitive species. Especially 
some off-crop species were shown to have a higher sensitivity.  
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Because we found that there are differences between in- and out-crop communities of species, but that 
these communities could not be directly characterised in terms of overall sensitivity to pesticides and 
recovery, vulnerability analysis based on species traits proved a useful method to gain some insight in 
the vulnerability of species in the six taxonomic groups. It must be said here that this analysis was 
based on potential exposure and recovery potential, not on differences in sensitivity to pesticides 
between species because as stated earlier sensitivity data are not available for most field species. 
The vulnerability analysis showed that for insecticides, herbicides and fungicides the average 
vulnerability of typical off-crop species was higher than that of typical in-crop species. The average 
vulnerability of species that occur in both habitats was intermediate. The difference between off-crop 
and in-crop species can be explained by differences in exposure and especially recovery. The two 
standard non-target arthropod species that are currently recommended for risk assessment of pesticides 
for registration purposes, the parasitic wasp Aphidius rhopalosiphi and the predatory mite 
Typhlodromus pyri, were on average even less vulnerable than the off- and in-crop species. In-crop 
species, including the two test species, are less exposed (for instance because they breed out of the 
pesticide spraying season) and have a greater capacity to disperse, migrate and reproduce so that they 
can more easily recolonise fields after a pesticide impact. It seems logical that such species are more 
typical of in-crop habitats because they are more adapted to the varying circumstances and frequent 
disturbances that occur in fields. 
Thus vulnerability analysis provides important clues on the type of species and species assemblages 
that are more or less vulnerable to pesticides under field conditions. However, some remarks must be 
made on the applicability of the results. The analysis was only done for a very limited selection of 
species. Although these are thought to represent the taxonomic groups for which species composition 
differs between in- and of-crop habitats, the choice of the species was made by expert judgement, not 
randomly or entirely objectively. The choice was also governed by the availability of trait information. 
Moreover, many important taxonomic groups for which no suitable studies were found in the selected 
literature were not included in the vulnerability analysis. The analysis is only valid for 6 taxonomic 
groups: Carabidae, Staphylinidae, Syrphidae, Araneae, Collembola and Heteroptera.  
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5. Conclusions 
The most important conclusions of our literature study are point-wise summarised below. 
Literature survey: 
• The literature survey produced a lot of hits for publications that possibly contained 
information for the purpose of the present study, i.e., to compare the composition of in-crop 
and off-crop non-target arthropod communities and their vulnerability to pesticides. 
• In the end 34 studies could be used to describe the species composition for taxonomic groups 
in and outside crops from the same study site. These represented six major taxonomic groups: 
ground beetles (Carabidae, 12 studies), rove beetles (Staphylinidae, 3 studies), spiders 
(Aranea, 5 studies), hoverflies (Syrphidae, 5 studies), springtails (Collembola, 2 studies) and 
bugs (Heteroptera, 1 study). 
• In many studies in- and off-crop non-target arthropods were not investigated at the same study 
site. An additional 22 studies contained information on abundance and species richness in 
either in-crop or off-crop habitats, but these studies did in the end add no relevant additional  
information on differences between in-crop and off-crop non-target arthropod communities.  
• For the many other taxonomic groups occurring in and around cultivated fields, no suitable 
studies were found. This represents a major knowledge gap. 
 
Species composition: 
 
• Many species are reported in only one field study. This is thought to be a consequence of 
geographical differences between study sites and of habitat differences between studies, 
especially the off-crop habitats. 
• For the taxonomic groups mentioned above, except for the spiders, the number of species was 
on average almost two times higher in the off-crop habitat than in the crop habitat at the same 
site. The abundance of these taxonomic groups was also higher off-crop. 
• For spiders, the average number of species found inside and outside crop was similar but this 
taxonomic group contained a relatively high number of species that occurred in both habitats. 
• All taxonomic groups considered contain species that are found both in-crop and off-crop. 
 
Sensitivity and recovery: 
 
• The available scientific literature is not suitable or contains very little information to assess 
differences in sensitivity between in-crop and out-crop species assemblages to pesticides or 
differences in recovery after a pesticide impact. 
• The species and taxonomic groups for which field effect studies are available are common 
species that occur both in-crop and off-crop. 
• An extensive search for laboratory sensitivity data of in-crop and out-crop species was beyond 
the scope of this review, but a small survey revealed that such data for non-standard individual 
test species are almost non-existent. 
• Recovery is reported in only a few of the studies that were retrieved and seldom fully 
quantitatively. 
• Only dispersal and remigration are reported as recovery mechanisms, the contribution of 
reproduction to population recovery is not studied separately. 
• The period in which recovery is studied is usually rather short and only sufficient to study 
recolonisation, not reproduction. 
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• For the reasons given above, it was not possible to establish if there are important overall 
differences in the sensitivity to pesticides and recovery potential between in- and off-crop 
species assemblages of non-target arthropods. 
Vulnerability analysis: 
 
• We selected 11 species from different taxonomic groups, based on their occurrence in-field, 
off-field, or both, gathered data on ecological traits that determine vulnerability and assessed 
their relative vulnerability. 
• The analysis showed that for insecticides, herbicides and fungicides the average vulnerability 
of typical off-crop species is higher than the average vulnerability of in-crop species. The 
average vulnerability of species that occur in both habitats is intermediate. 
• The two standard non-target arthropod test species, the parasitic wasp Aphidius rhopalosiphi 
and the predatory mite mite Typhlodromus pyri, were less vulnerable to pesticides than the 11 
off- and in-crop species. 
• Less vulnerable species in this analysis are good at dispersion and migration and are less 
exposed to pesticides because they do not occur in fields during the season that pesticides are 
sprayed.  
• It can be assumed that the adaptations that some species have to cope with changing 
circumstances enable these species to survive more easily in in-crop habitats where conditions 
are more dynamic and disturbance is more frequent. This explains why in-crop species may be 
less vulnerable to pesticides than off-crop species. 
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APPENDICES  
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title, original title, broad terms, heading words] 
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title, broad terms, heading words] 
133030 
18 (communit* or population* or diversit* or biodiversit* or species or composition* or 
assemblag*).mp. [mp=abstract, title, original title, broad terms, heading words] 
2215601 
19 1 and 15 and (16 or 17) and 18 557 
20 limit 19 to yr="1980 - 2012" 425 
21 20 not 14 366 
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Biological Abstracts 
Database(s): Biological Abstracts 1969 to December 2011 (Output from #7 and #13)  
Search Strategy: 
# Searches Results 
1 arthropod*.mp. or exp arthropoda 729112 
2 (nontarget or "non target" or "non-target" or beneficial or predatory or predaceous or 
predacious or pollinator? or parasitoid* or parasitic wasp? or natural enem*) 
134492 
3 (pesticide? or fungicide? or insecticide? or herbicide? or nemat?cide? or acaricide? or 
larvicide? or fumigant? or molluscicide? or biopesticide?).mp. or exp pesticides/  
985561 
4 (offcrop or "off crop" or "off-crop" or incrop or infield or offfield or "off field" or "off-field" 
or "out of field" or "around a crop?" or "around the crop?" or "around a field" or "around 
the field?" or "out of field") 
1137 
5 (edge? or boundar* or margin? or strip? or border?) 198455 
6 1 and 2 and 3 and (4 or 5) 239 
7 limit 6 to yr="1980 - 2012" 224 
8 (incrop or "in crop" or "in-crop" or infield or "in field" or "in-field" or "inside a crop" or 
"inside the crop*" or "inside a field" or "inside the field*" or "within a crop" or "within the 
crop*" or "within a field" or "within the field*") 
30120 
9 ("outside a crop" or "outside the crop*" or "outside a field" or "outside the field*" or 
offcrop or "off crop" or "off-crop" or offfield or "off field" or "off-field" or "out of field" or 
"around a crop*" or "around the crop*" or "around a field" or "around the field*" or 
boundar* or edge? or margin? or border? or strip?) 
199525 
10 (communit* or population* or diversit* or biodiversit* or species or composition* or 
assemblage*) 
3350794 
11 1 and 8 and 9 and 10 291 
12 limit 11 to yr="1980 - 2012" 283 
13 12 not 7 244 
 
Zoological Record 
Output from #13. 
# Searches Results 
1 arthropod*.mp. or exp arthropoda/ [mp=abstract, title, heading words] 774740 
2 (nontarget or "non-target" or "non target" or beneficial or predatory or predac?ous or natural 
enem* or pollinator? or parasitoid? or parasitic wasp?).mp. [mp=abstract, title, heading words] 
37860 
3 (pesticide? or insecticide? or fungicide* or herbicide? or nemat?cide? or acaricide? or larvicide? 
or fumigant? or molluscide? of biopesticide?).mp. or exp "FERTILIZERS AND PESTICIDES"/ 
[mp=abstract, title, heading words] 
23749 
4 (offcrop or "off crop" or "off-crop" or incrop or "in crop" or "in-crop" or infield or "in field" or 
"in-field" or offfield or "off field" or "off-field" or "out of field" or "around a crop" or "around 
the crop?" or "around a field" or "around the field?").mp. [mp=abstract, title, heading words] 
4739 
5 1 and 2 and 3 and 4 95 
6 (edge? or boundar* or margin? or border? or strip?).mp. [mp=abstract, title, heading words] 33946 
7 1 and 2 and 3 and 6 59 
8 5 or 7 146 
9 (incrop or "in crop" or "in-crop" or infield or "in field" or "in-field" or "inside a crop" or "inside 
the crop*" or "inside a field" or "inside the field*" or "within a crop" or "within the crop*" or 
"within a field" or "within the field*").mp. [mp=abstract, title, heading words] 
4967 
10 ("outside a crop" or "outside the crop*" or "outside a field" or "outside the field*" or offcrop or 
"off crop" or "off-crop" or offfield or "off field" or "off-field" or "out of field" or "around a 
crop*" or "around the crop*" or "around a field" or "around the field*" or boundar* or edge? or 
margin? or border? or strip?).mp. [mp=abstract, title, heading words] 
34143 
11 (communit* or population? or diversit* or biodiversit* or species or composition* or 
assemblag*).mp. [mp=abstract, title, heading words] 
1030443 
12 1 and 9 and 10 and 11 178 
13 8 or 12 312 
  
 Vulnerability of non-target arthropod communities 
 
Supporting publications 2012:EN-348 37 
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the 
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
 
Scopus 
(TITLE-ABS-KEY(arthropod* OR arachnid* OR crustacea* OR hexapod* OR myriapod* OR 
pentastomid* OR tardigrad* OR acari OR araneae OR opiliones OR pseudoscorpiones OR scorpion* 
OR solifugae OR cirripedia OR malacostraca OR collembol* OR diplura* OR insect OR insects OR 
insecta OR protura* OR coleopter* OR dermapter* OR dictyopter* OR dipter* OR embiopter* OR 
grylloblattodea* OR hemipter* OR homopter* OR heteropter* OR hymenopter* OR isopter* OR 
lepidopter* OR mantophasmatodea* OR mecopter* OR megalopter* OR neuropter* OR odonata* OR 
orthopter* OR phasmida* OR phthiraptera OR psocopter* OR siphonapter* OR strepsipter* OR 
thysanopter* OR thysanur* OR xiphosura* OR chilopod* OR diplopod* OR pauropod* OR symphyl* 
OR cephalobaenid* OR porocephalida* OR bee OR bees OR honeybee* OR bumblebee* OR wasp 
OR wasps OR ant OR ants OR spider* OR mite OR mites OR fly OR flies OR beetle* OR butterfl* 
OR moth OR moths OR isopod* OR carabid* OR syrphid*) AND TITLE-ABS-KEY(nontarget OR 
"non target" OR "non-target" OR beneficial OR predatory OR predaceous OR predacious OR 
pollinator* OR parasitoid* OR "parasitic wasp*" OR "natural enem*") AND TITLE-ABS-
KEY(pesticide* OR fungicide* OR insecticide* OR herbicide* OR nematocide* OR nematicide* OR 
acaricide* OR larvicide* OR fumigant* OR molluscicide* OR biopesticide*) AND TITLE-ABS-
KEY(offcrop OR "off crop" OR "off-crop" OR incrop OR "in crop" OR "in-crop" OR infield OR "in 
field" OR "in-field" OR offfield OR "off field" OR "off-field" OR "out of field" OR "around a crop*" 
OR "around the crop*" OR "around a field" OR "around the field*" OR "inside a crop" OR "inside the 
crop*" OR "outside a crop" OR "outside the crop*" OR "within a crop" OR "within the crop*" OR 
"inside a field" OR "inside the field*" OR "within crop" OR "within a field" OR "within the field*" 
OR "outside a field" OR "outside the field*")) OR (TITLE-ABS-KEY(arthropod* OR arachnid* OR 
crustacea* OR hexapod* OR myriapod* OR pentastomid* OR tardigrad* OR acari OR araneae OR 
opiliones OR pseudoscorpiones OR scorpion* OR solifugae OR cirripedia OR malacostraca OR 
collembol* OR diplura* OR insect OR insects OR insecta OR protura* OR coleopter* OR dermapter* 
OR dictyopter* OR dipter* OR embiopter* OR grylloblattodea* OR hemipter* OR homopter* OR 
heteropter* OR hymenopter* OR isopter* OR lepidopter* OR mantophasmatodea* OR mecopter* OR 
megalopter* OR neuropter* OR odonata* OR orthopter* OR phasmida* OR phthiraptera OR 
psocopter* OR siphonapter* OR strepsipter* OR thysanopter* OR thysanur* OR xiphosura* OR 
chilopod* OR diplopod* OR pauropod* OR symphyl* OR cephalobaenid* OR porocephalida* OR 
bee OR bees OR honeybee* OR bumblebee* OR wasp OR wasps OR ant OR ants OR spider* OR 
mite OR mites OR fly OR flies OR beetle* OR butterfl* OR moth OR moths OR isopod* OR carabid* 
OR syrphid*) AND TITLE-ABS-KEY(nontarget OR "non target" OR "non-target" OR beneficial OR 
predatory OR predaceous OR predacious OR pollinator* OR parasitoid* OR "parasitic wasp*" OR 
"natural enem*") AND TITLE-ABS-KEY(pesticide* OR fungicide* OR insecticide* OR herbicide* 
OR nematocide* OR nematicide* OR acaricide* OR larvicide* OR fumigant* OR molluscicide* OR 
biopesticide*) AND TITLE-ABS-KEY(boundar* OR edge* OR margin* OR strip* OR border*)) -> 
359 records 
 
TITLE-ABS-KEY(arthropod* OR arachnid* OR crustacea* OR hexapod* OR myriapod* OR 
pentastomid* OR tardigrad* OR acari OR araneae OR opiliones OR pseudoscorpiones OR scorpion* 
OR solifugae OR cirripedia OR malacostraca OR collembol* OR diplura* OR insect OR insects OR 
insecta OR protura* OR coleopter* OR dermapter* OR dictyopter* OR dipter* OR embiopter* OR 
grylloblattodea* OR hemipter* OR homopter* OR heteropter* OR hymenopter* OR isopter* OR 
lepidopter* OR mantophasmatodea* OR mecopter* OR megalopter* OR neuropter* OR odonata* OR 
orthopter* OR phasmida* OR phthiraptera OR psocopter* OR siphonapter* OR strepsipter* OR 
thysanopter* OR thysanur* OR xiphosura* OR chilopod* OR diplopod* OR pauropod* OR symphyl* 
OR cephalobaenid* OR porocephalida* OR bee OR bees OR honeybee* OR bumblebee* OR wasp 
OR wasps OR ant OR ants OR spider* OR mite OR mites OR fly OR flies OR beetle* OR butterfl* 
OR moth OR moths OR isopod* OR carabid* OR syrphid*) AND TITLE-ABS-KEY(incrop OR "in 
crop" OR "in-crop" OR infield OR "in field" OR "in-field" OR "inside a crop" OR "inside the crop*" 
OR "within a crop" OR "within the crop*" OR "inside a field" OR "inside the field*" OR "within 
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crop" OR "within a field" OR "within the field*") AND TITLE-ABS-KEY(offfield OR "off field" OR 
"off-field" OR "out of field" OR "around a crop*" OR "around the crop*" OR "around a field" OR 
"around the field*" OR "outside a crop" OR "outside the crop*" OR "outside a field" OR "outside the 
field*" OR boundar* OR edge* OR margin* OR strip* OR border*) AND TITLE-ABS-
KEY(communit* OR population* OR diversit* OR biodiversit* OR species OR composition* OR 
assemblag*) -> 228 records 
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Web of Science 
Output from #8 and #18. 
# 20 150  #18 NOT #14  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 19 1,794  #14 NOT #18  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 18 237  #9 and #15 and #16 and #17  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 17 3,224,212  TS=(communit* OR population* OR diversit* OR biodiversit* OR species OR 
composition* OR assemblag*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 16 1,157,539  TS=(offfield OR "off field" OR "off-field" OR "out of field" OR "around a crop*" OR 
"around the crop*" OR "around a field" OR "around the field*" OR "outside a crop" OR 
"outside the crop*" OR "outside a field" OR "outside the field*" OR boundar* OR edge* OR 
margin* OR strip* OR border*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 15 36,539  TS=(incrop OR "in crop" OR "in-crop" OR infield OR "in field" OR "in-field" OR "inside a 
crop" OR "inside the crop*" OR "within a crop" OR "within the crop*" OR "inside a field" 
OR "inside the field*" OR "within crop" OR "within a field" OR "within the field*")  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 14 1,881  #13 NOT #8  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 13 2,178  #9 and #10 and (#11 or #12)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 12 1,156,765  TS=(boundar* OR edge* OR margin* OR strip* OR border*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 11 37,379  TS=(offcrop OR "off crop" OR "off-crop" OR incrop OR "in crop" OR "in-crop" OR infield 
OR "in field" OR "in-field" OR offfield OR "off field" OR "off-field" OR "out of field" OR 
"around a crop*" OR "around the crop*" OR "around a field" OR "around the field*" OR 
"inside a crop" OR "inside the crop*" OR "outside a crop" OR "outside the crop*" OR 
"within a crop" OR "within the crop*" OR "inside a field" OR "inside the field*" OR "within 
crop" OR "within a field" OR "within the field*" OR "outside a field" OR "outside the 
field*")  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 10 186,206  TS=(nontarget or "non target" or "non-target" or beneficial or predatory or predaceous or 
predacious or pollinator* or parasitoid* or parasitic wasp* or "natural enem*")  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 9 451,001  TS=(Arthropod* OR Arachnid* OR Crustacea* OR Hexapod* OR Myriapod* OR 
Pentastomid* OR Tardigrad* OR Acari OR Araneae OR Opiliones OR Pseudoscorpiones 
OR Scorpion* OR Solifugae OR Cirripedia OR Malacostraca OR Collembol* OR Diplura* 
OR insect OR insects OR insecta OR Protura* OR Coleopter* OR Dermapter* OR 
Dictyopter* OR Dipter* OR Embiopter* OR Grylloblattodea* OR Hemipter* OR 
Homopter* OR Heteropter* OR Hymenopter* OR Isopter* OR Lepidopter* OR 
Mantophasmatodea* OR Mecopter* OR Megalopter* OR Neuropter* OR Odonata* OR 
Orthopter* OR Phasmida* OR Phthiraptera OR Psocopter* OR Siphonapter* OR 
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Strepsipter* OR Thysanopter* OR Thysanur* OR Xiphosura* OR Chilopod* OR Diplopod* 
OR Pauropod* OR Symphyl* OR Cephalobaenid* OR Porocephalida* OR bee or bees or 
honeybee* or bumblebee* or wasp or wasps or ant or ants or spider* or mite or mites or fly 
or flies or beetle* or butterfl* or moth or moths or isopod* or carabid* or syrphid*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 8 297  #7 OR #5  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 7 164  #6 AND #3 AND #2 AND #1  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 6 1,061,358  TS=(edge* or boundar* or margin* or strip*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 5 148  #4 AND #3 AND #2 AND #1  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 4 32,565  TS=(offcrop or "off crop" or "off-crop" or incrop or "in crop" or "in-crop" or infield or "in 
field" or "in-field" or offfield or "off field" or "off-field" or "out of field" or "around a crop*" 
or "around the crop*" or "around a field" or "around the field*" or "out of field")  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 3 130,165  TS=(pesticide* or fungicide* or insecticide* or herbicide* or nematocide* or nematicide* or 
acaricide* or larvicide* or fumigant* or molluscicide* or biopesticide*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 2 183,012  TS=(nontarget or "non target" or "non-target" or beneficial or predatory or predaceous or 
predacious or pollinator* or parasitoid* or parasitic wasp*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
# 1 444,602  TS=(Arthropod* OR Arachnid* OR Crustacea* OR Hexapod* OR Myriapod* OR 
Pentastomid* OR Tardigrad* OR Acari OR Araneae OR Opiliones OR Pseudoscorpiones 
OR Scorpion* OR Solifugae OR Cirripedia OR Malacostraca OR Collembol* OR Diplura* 
OR insect OR insects OR insecta OR Protura* OR Coleopter* OR Dermapter* OR 
Dictyopter* OR Dipter* OR Embiopter* OR Grylloblattodea* OR Hemipter* OR 
Hymenopter* OR Isopter* OR Lepidopter* OR Mantophasmatodea* OR Mecopter* OR 
Megalopter* OR Neuropter* OR Odonata* OR Orthopter* OR Phasmida* OR Phthiraptera 
OR Psocopter* OR Siphonapter* OR Strepsipter* OR Thysanopter* OR Thysanur* OR 
Xiphosura* OR Chilopod* OR Diplopod* OR Pauropod* OR Symphyl* OR 
Cephalobaenid* OR Porocephalida* OR bee or bees or honeybee* or bumblebee* or wasp or 
wasps or ant or ants or spider* or mite or mites or fly or flies or beetle* or butterfl* or moth 
or moths or isopod* or carabid* or syrphid*)  
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=1980-2012 
Lemmatization=On    
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B.  SPECIES LISTS PER TAXONOMIC GROUP OF NON-TARGET ARTHROPODS 
 
Ground beetles (Carabidae) 
Twelve studies could be used to compare the Carabidae species composition in-field and off-field. We 
used the species information from these studies to create an overview of species dominant for in-field 
and for off-field communities. Only 20 of the 58 species were reported in more than one study. Ten 
species were found only in-field, 16 were found both in-field and off-field, and 32 were found only 
off-field.  
Carabidae species found in-field and off-field. Bold species are further used in vulnerability analysis. - 
= species not present. For each species, the in-field crop type and off-field habitat type is given, 
superscript numbers refer to the study. Species are ordered from in-field only at the top of the table to 
off-field only at the bottom.  
Species in-field crop type off-field habitat 
Bembidion femoratum maize 3 - 
Bembidion quadrimaculatum maize 3 - 
Broscus cephalotus winter wheat 11 -  
Calathus melanocephalus cereal 12 - 
Calosoma auropunctatum winter wheat 8 - 
Clivina collaris maize 3 - 
Harpalus affinis cereal 12 - 
Loricera pilicornis cereal 12 - 
Poecilus sericeus winter wheat 8 - 
Trechus micros maize 3 - 
Poecilus cupreus 
cereal 1,9,12 
spring barley 2 
winter wheat 4,8 
weed strip 6 
boundary 12 
Pterostichus melanarius 
cereal 1,9,12 
maize 3 
winter wheat 4 
edge 3 
margin 4 
boundary 12 
Harpalus rufipes winter wheat 
4,8,11 
cereal 12 
hedgerow 1 
margin 4,8,11 
weed strip 6 
Trechus quadristriatus 
maize 3 
cereal 6,12 
winter wheat 8 
grass edge 5 
weed strip 6 
Bembidion lampros winter wheat 
4 
vegetable 10 
edge 2,3 
margin 4,10 
grass edge 5 
weed strip 6 
boundary 12 
Platynus dorsalis winter wheat 4,8 margin 
4 
grass edge 5 
Bembidion tetracolum maize 
3 
vegetable 10 margin 
10 
Clivina fossor maize 
3 
cereal 6 weed strip 
6 
Agonum dorsale cereal 1 
hedgerow 1 
edge 3 
margin 10 
Bembidion properans cereal 8 edge 
3
weed strip 6 
Amara aenea cereal 6 weed strip 6 
Harpalus distinguendus oilseed rape 7 weed strip 
7 
margin 8 
Bembidion obtusum cereal 12 boundary 12 
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Species in-field crop type off-field habitat 
Calathus fuscipes cereal 12 margin 11 
Demetrias atricapillus cereal 9 boundary 12 
Microlestes minutulus cereal 8 wild flower strip 9 
Pterostichus madidus cereal 12 boundary 12 
Abax paralellus - margin 4 
Agonum muelleri - boundary 12 
Amara aulica - wild flower strip 9 
Amara communis - wild flower strip 9 
Amara familiaris - weed strip 6 
Anchomenus dorsalis - boundary 12 
Asaphidion flavipes - boundary 12 
Brachinus crepitans - margin 8 
Brachinus explodens - margin 8 
Calathus ambiguus - margin 11 
Carabus violaceus - boundary 12 
Cychrus caraboides - margin 4 
Harpalus azureus - margin 8 
Harpalus honestus - margin 4 
Harpalus luteicornis - weed strip 6 
Harpalus serripes - margin 8 
Harpalus vernalis - margin 4 
Ophonus ardosianus - weed strip 7 
Ophonus puncticeps - weed strip 7 
Ophonus signaticornis - weed strip 7 
Pterostichus anthracinus - weed strip 6 
Pterostichus vernalis - weed strip 6 
Stomis pumicatus - weed strip 6 
Syntomus truncatellus - grass edge 5 
Synuchus vivalis - weed strip 7 
Tachys bistriatus - weed strip 6 
Zabrus tenebrioides - wild flower strip 9 
Harpalus tardus - grass edge
5 
margin 8 
Nebria brevicollis - hedgerow 
1 
boundary 12 
Amara similata - 
grass edge 5 
weed strip 6 
wild flower strip 8 
1. Thomas et al., 2001; cereal + hedgerows, England 
2. Wallin, 1985; spring barley + field edges, Sweden 
3. Desender & Alderweireldt, 1988; maize + field edge, Belgium 
4. Kromp & Steinberger, 1992; winter wheat + field margin, Austria 
5. Hussein & Wetzel, 1994; cereal + grass edge, Germany 
6. Lys & Nentwig, 1994; cereal + weed strip, Switzerland 
7. Frank, 1997; oilseed rape + weed strip, Switzerland 
8. Kiss et al. 1998; winter wheat + margin, Hungary 
9. Luka et al., 2001; cereal + wild flower strip, Switzerland 
 Vulnerability of non-target arthropod communities 
 
Supporting publications 2012:EN-348 43 
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the 
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
 
10. Eyre et al., 2009; vegetables + field margin, England 
11. Bujaki et al., 1996; winter wheat + margin, Hungary 
12. Holland et al., 2009; cereal + boundary, England 
 
Rove beetles (Staphylinidae) 
Three studies could be used to compare in-field species composition with off-field species 
composition of rove beetles. Only three of the 37 species in total were reported in more than one 
study. Five species were found only in-crop, 13 species were found both in-crop and off-crop, and 19 
species were found only off-crop. 
Staphylinidae species found in in-crop habitat and off-crop habitat. Bold species are further used in 
vulnerability analysis. - = species not present. For each species, the in-field crop type and off-field 
habitat type is given, superscript numbers refer to the study. Species are ordered from in-field only at 
the top of the table to off-field only at the bottom.   
Species  in-field crop type off-field habitat 
Hypomedon melanocephalus pasture 1 - 
Philonthus spp field 3 - 
Philonthus cognatus field 3 - 
Platystethus arenarius pasture 1 - 
Xantholinus longiventris pasture 1 - 
Aloconota gregaria  cereal 2 weed strip 2 
Amischia forcipata cereal 2 weed strip 2 
Amischia analis cereal 2 weed strip 2 
Atheta fungi cereal 2 weed strip 2 
Gabrius nigritulus cereal 2 weed strip 2 
Lathrobium fulvipenne cereal 2 weed strip 2 
Lathrobium longulum cereal 2 weed strip 2 
Oxytelus rugosus pasture 1 edge 1 
Philonthus varius pasture 1 edge 1 
Tachinus rufipes pasture 1 edge 1 
Xantholinus linearis pasture 1 edge 1 
Tachyporus chrysomelinus pasture 1 edge 
1 
boundary 3 
Tachyporus hypnorum pasture 
1 
cereal 2 
edge 1 
weed strip 2 
boundary 3 
Aleochara laevigata  - weed strip 2 
Anotylys rugosus - weed strip 2 
Arpedium quadrum - weed strip 2 
Atheta inquinula - weed strip 2 
Gabrius pennatus - weed strip 2 
Omalium rivulare - weed strip 2 
Oxypoda opaca - weed strip 2 
Paederus spp - boundary 3 
Philonthus varians - edge 1 
Platystethus nitens - weed strip 2 
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Pycnota paradoxa - weed strip 2 
Scopaeus laevigatus - weed strip 2 
Stenus spp - boundary 3 
Stenus clavicornis - field edge 1 
Stilicus erichsoni - weed strip 2 
Tachinus spp - boundary 3 
Tachyporus obtusum - boundary 3 
Trogophloeus elongatulus - edge 1 
Xantholinus spp - boundary 3 
Tachyporus nitidulus - edge 
1 
boundary 3 
1. D'Hulster & Desender, 1984; pasture + edge; Belgium 
2. Lys & Nentwig, 1994; cereal + weed strip, Switzerland 
3. Holland et al., 2009; cereal + boundary, England 
 
Hover flies (Syrphidae) 
Five studies could be used to compare in-field species composition with off-field species composition. 
Only one out of 17 species was found in more than one study. In fact this species, Episyrphus 
balteatus, was found in all five studies. There was no species found only in-crop, 10 species were 
found both in-crop and off-crop, and 7 species were found only off-crop. 
Syrphidae species found in in-crop habitat and off-crop habitat. Bold species are further used in 
vulnerability analysis. - = species not present. For each species, the in-field crop type and off-field 
habitat type is given, superscript numbers refer to the study. Species are ordered from in-field only at 
the top of the table to off-field only at the bottom.  
Species in-field crop type off-field habitat 
Episyrphus balteatus winter wheat 
3 
arable 4 
wildflower margin 1 
nettle strip 2 
grass strip 4 
flower strip 5 
Eristalis sepulchralis winter wheat 2 flower strip 2 
Eristalis tenax winter wheat 2 flower strip 2 
Eupeodes corollae arable 4 hedgerow 4 
Eupeodes luniger arable 4 hedgerow 4 
Metasyrphys corollae winter wheat 1 wildflower margin 1 
Melanastoma spp winter wheat 5 grass and flower strip 5 
Melanastoma scalare winter wheat 1 wildflower 1 
Platycheirus spp winter wheat 1 wildflower 1 
Syritta pipiens winter wheat 5 grass and flower strip 5 
Eristalis spp - wildflower margin 1 
Eristalis arbustorum - flower strip 2 
Ferdinandea cuprea - woodland 4 
Platycheirus manicatus - grass strip 4 
Sphaerophoria spp - flower strip 5 
Sphaerophoria scripta - grass, hedge, wood 4 
Syrphus ribesii - hedge, wood 4 
1. Harwood et al., 1992; winter wheat + wild flower margin, England 
2. Francis et al., 2005; winter wheat + flower strip, Belgium 
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3. Alhmedi et al., 2006; winter wheat + nettle strip, Belgium 
4. Marshall & West, 2007; arable + grass/hedge/trees, England 
5. Haenke et al., 2009; winter wheat + grass/flower strip, Germany 
 
Spiders (Araneae) 
Five studies could be used to compare in-field species composition with off-field species composition. 
Ten of the 23 species in total were observed in more than one study. Six species were observed only 
in-crop, six species were observed both in-crop and off-crop, and 11 species were observed only off-
crop. 
Araneae species found in in-crop habitat and off-crop habitat. Bold species are further used in 
vulnerability analysis. - = species not present. For each species, the in-field crop type and off-field 
habitat type is given, superscript numbers refer to the study. Species are ordered from in-field only at 
the top of the table to off-field only at the bottom.   
Species  in-field crop type off-field habitat  
Meioneta rurestris winter wheat 1,2,4 -
Trichoncoides piscator winter wheat 2,4 -
Zelotes mundus winter wheat 2,4 -
Erigone atra winter wheat 1 -
Erigone dentipalpis winter wheat 1 -
Trochosa ruricola winter wheat 1 -
Oedothorax apicatus winter wheat 
1,2,4
cereal 5 edge 
5 
Pardosa agrestis winter wheat 
1,2,4 
cereal 5 
margin 4 
edge 5 
Xysticus kochi orchard 
3 
winter wheat 4 
margin 2,4 
edge 3 
Pachygnatha clercki cereal 5 edge 5 
Pardosa lugubris winter wheat 1 grassy margin 1 
Titanoeca schineri orchard 3 edge 3 
Alopecosa cuneata - wild flower strip 5 
Alopecosa sulzeri - edge 3 
Harpactea rubicunda - edge 3 
Micaria pulicaria - wild flower strip 5 
Oxyptila praticola - grassy margin 1 
Pachygnatha degeeri - grassy margin 1 
Zelotes pusillus - margin 2 
Hahnia nava - margin 2,4 
Pardosa prativaga - margin 2,4 
Zelotes pedestris - margin 2,4 
Aulonia albimana - grassy margin 
1 
margin 2,4 
1. Kromp & Steinberger, 1992; winter wheat + field margin, Austria 
2. Kiss et al., 1998; winter wheat + margin, Hungary 
3. Bogya & Marko, 1999; apple orchard + edge, Hungary 
4. Toth & Kiss, 1999; winter wheat + field margin, Hungary 
5. Luka et al., 2001; cereal + wild flower strip, Switzerland 
 
Other groups 
Two studies were available on springtails (Collembola) and two studies on Heteroptera.   
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Collembola and Miridae species found in in-crop habitat and off-crop habitat. - = species not present. 
For each species, the in-field crop type and off-field habitat type is given, superscript numbers refer to 
the study. Species are ordered from in-field only at the top of the table to off-field only at the bottom.   
Species  in-field crop type off-field habitat  
Collembola 
Sminthurinus elegans spring barley 1 - 
Sminthurus viridis spring barley 1 - 
Isotoma viridis spring barley 1 hedge row 1 
Lepidocyrtus spp winter wheat 2 field edge 2 
Entomobrya nicoleta winter wheat 2 field edge 2 
Bourletiella hortensis - hedgerow 1 
Pseudosinella alba - hedgerow 1 
Isotomurus spp - hedgerow 1 
Orchesella cincta - field edge 2 
Tomocerus spp - field edge 2 
Miridae 
Dicyphus errans melon,pepper, 
tomato, potato, 
pumpkin, zucchini 3 
surrounding wild plants 3 
Macrolophus melanotoma tomato 3 surrounding wild plants 3 
Macrolophus pygmaeus pepper, tomato 3 surrounding wild plants 3 
Nesidiocoris tenuis tomato 3 surrounding wild plants 3 
Dicyphus albonasutus - surrounding wild plants 3 
Dicyphus eckerleini - surrounding wild plants 3 
Dicyphus epilobii - surrounding wild plants 3 
Dicyphus escalerae - surrounding wild plants 3 
Dicyphus flavoviridis - surrounding wild plants 3 
Dicyphus geniculatus - surrounding wild plants 3 
Macrolophus costalis - surrounding wild plants 3 
1. Alvarez et al., 2000; spring barley + hedgerow, England 
2. Frampton, 2002; winter wheat + field edge, England 
3. Tavella & Goula, 2001; vegetables + surrounding wild plants; Italy 
4. Moreby et al., 1997; cereal headland + field edge, England 
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C.  STUDIES ON TAXONOMIC GROUPS OF NON-TARGET ARTHROPOD SPECIES, REPORTING EITHER IN-CROP RESULTS, OFF-CROP RESULTS, OR BOTH 
Taxonomic 
group 
Location Sampling method Timing in 
year 
Off-crop 
habitat 
Off-crop 
abundance 
Off-crop 
species 
richness 
In-crop 
habitat 
In-crop 
abundance 
In-crop 
species 
richness 
Reference 
Formicidae Poland pitfall sampling June    grassland, 
crop, forest 
island 
0.4-3.5 
(n/trap/day) 
 Kajak & Lukasiewicz 
(1994) 
Aphididae England vacuum and pitfall April-July    spring 
wheat 
2-200 (n/m2)  Chiverton & Sotherton 
(1991) 
arthropod 
predators 
Switzerland sweep netting May-July    winter 
wheat 
310-580 (?)  Hausammann (1996) 
Apidae Hungary pan traps May-June    cereal 50-100 (?) 13-18 Kovacs-Hostyanszki et 
al. (2011) 
Apidae Sweden line-transect counts summer field margins 
differing in 
flowering plants 
2845 (?) 4    Lagerlof et al. (1992) 
Apidae Germany line-transect counts May-July    winter 
wheat 
 6-8 Holzschuh et al. (2007) 
Apidae Alberta, 
Canada 
pan traps and sweep 
netting 
?    rapeseed 145-511 (?)  Morandin et al. (2007) 
Coleoptera England vacuum suction May    set-aside 40 (n/m2)  Moreby (2007) 
Coleoptera England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 10-23 (?)     Pollard & Holland 
(2006) 
bumble bees  
and cuckoo 
bumble bees 
Finland line-transect counts summer field margins 
differing in 
flowering plants 
133-2338 
(n/ha) 
1.5-5.7    Backman & Tiainen 
(2002) 
Lepidoptera Sweden pitfall, vacuum  and 
pan traps 
Aug-Sept field margins 
differing in 
flowering plants 
0.1-0.7 
(n/trap) 
    Lagerlof & Wallin 
(1993) 
Lepidoptera Sweden line-transect counts May-
August 
field borders 
and headlands 
of cereal 
45-90 (?) 6-8    Rundlof et al. (2008) 
Lepidoptera England line-transect counts summer field margins in 
between arable 
or grass fields 
3.3-6.2 
(n/visit) 
3.7-6.0 
(species/season) 
   Sparks & Parish (1995) 
Lepidoptera Sweden line-transect counts summer field margins 
differing in 
flowering plants 
242 (?) 11    Lagerlof et al. (1992) 
Carabidae Poland pitfall sampling June    grassland, 
crop, forest 
island 
0.8-2.6 
(n/trap/day) 
 Kajak & Lukasiewicz 
(1994) 
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Taxonomic 
group 
Location Sampling method Timing in 
year 
Off-crop 
habitat 
Off-crop 
abundance 
Off-crop 
species 
richness 
In-crop 
habitat 
In-crop 
abundance 
In-crop 
species 
richness 
Reference 
Carabidae England vacuum and pitfall March-
August 
   strawberry 0.1-1.0 (?)  Easterbrook (1998) 
Carabidae Sweden pitfall, vacuum  and 
pan traps 
Aug-Sept field margins 
differing in 
flowering plants 
27-44 (n/trap)     Lagerlof & Wallin 
(1993) 
Carabidae England soil cores winter beetle bank or 
hedge 
50-400 
(n/m2) 
    Collins et al. (1996) 
Carabidae Netherlands pitfall sampling May-July     winter 
wheat, 
sugar beet, 
potatoes 
160-370 (?) 9-13 De Snoo et al. (1995) 
Carabidae Netherlands sweep netting June    winter 
wheat 
0 (n/m2)  De Snoo & De Leeuw 
(1996) 
Carabidae Poland pitfall sampling May-Sept    cereal 2.5 
(ind/trap/day) 
 Kajak & Oleszczuk 
(2004) 
Carabidae Germany funnel traps and sweep 
netting 
summer crop edge 35-80 (?)  winter 
wheat and 
meadow 
35-50 (?)  Batary et al. (2012) 
chick food 
items 
England vacuum and pitfall April-July    spring 
wheat 
3-130 (n/m2)  Chiverton & Sotherton 
(1991) 
Collembola England vacuum and pitfall April-July    spring 
wheat 
54-400 
(n/m2) 
 Chiverton & Sotherton 
(1991) 
Diptera England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 10-18 (?)     Pollard & Holland 
(2006) 
Heteroptera England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 12-25 (?)     Pollard & Holland 
(2006) 
Homoptera England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 30-60 (?)     Pollard & Holland 
(2006) 
Syrphidae Sweden pitfall, vacuum  and 
pan traps 
Aug-Sept field margins 
differing in 
flowering plants 
0.4-0.9 
(n/trap) 
    Lagerlof & Wallin 
(1993) 
Syrphidae Sweden line-transect counts summer field margins 
differing in 
flowering plants 
772 (?)     Lagerlof et al. (1992) 
Syrphidae Belgium water traps June-Oct    carrots 3-6.7 
(n/trap/week) 
 Colignon et al. (2002) 
Syrphidae Netherlands sweep netting June    winter 
wheat 
0.5-10 (n/100 
m) 
 De Snoo & De Leeuw 
(1996) 
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Taxonomic 
group 
Location Sampling method Timing in 
year 
Off-crop 
habitat 
Off-crop 
abundance 
Off-crop 
species 
richness 
In-crop 
habitat 
In-crop 
abundance 
In-crop 
species 
richness 
Reference 
Syrphidae 
larvae 
Sweden pitfall, vacuum  and 
pan traps 
Aug-Sept field margins 
differing in 
flowering plants 
0.1-13.5 
(n/trap) 
    Lagerlof & Wallin 
(1993) 
Hymenoptera England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 5-10 (?)     Pollard & Holland 
(2006) 
Araneae Poland pitfall sampling June    grassland, 
crop, forest 
island 
0.2-10 
(n/trap/day) 
 Kajak & Lukasiewicz 
(1994) 
Araneae Switzerland sweep netting May-July    winter 
wheat 
100-268 (?)  Hausammann (1996) 
Araneae England vacuum and pitfall April-July    spring 
wheat 
1-40 (n/m2)  Chiverton & Sotherton 
(1991) 
Araneae England vacuum and pitfall March-
August 
   strawberry 3-122 (?)  Easterbrook (1998) 
Araneae England vacuum suction May    set-aside 40 (n/m2)  Moreby (2007) 
Araneae England gutter traps, beating 
trays, insecticide 
fogging 
July hedgerow 12-30 (?)     Pollard & Holland 
(2006) 
Araneae England soil cores winter beetle bank or 
hedge 
50 (n/m2)     Collins et al. (1996) 
Araneae Germany pitfall sampling May-July, 3 consecutive years   winter 
wheat 
9-11 (n/m2) 55-73 Basedow (1998) 
Araneae Germany pitfall sampling May-June    winter 
wheat 
 20-25 Clough et al. (2005) 
Araneae various various various    various 5-600 (n/m2)  Nyffeler & Sunderland 
(2003) 
Araneae Germany pitfall sampling March-May    barley 3991 (total 
activity 
density) 
46 Oberg et al. (2008) 
Araneae Poland pitfall sampling May-Sept    cereal 1-3 
(ind/trap/day) 
 Kajak & Oleszczuk 
(2004) 
Staphylinidae Poland pitfall sampling June    grassland, 
crop, forest 
island 
0.2-9.4 
(n/trap/day) 
 Kajak & Lukasiewicz 
(1994) 
Staphylinidae Switzerland sweep netting May-July    winter 
wheat 
7-14 (?)  Hausammann (1996) 
Staphylinidae England vacuum and pitfall March-
August 
   strawberry 0.3-27 (?)  Easterbrook (1998) 
Staphylinidae Sweden pitfall, vacuum  and 
pan traps 
Aug-Sept field margins 
differing in 
4-15 (n/trap)     Lagerlof & Wallin 
(1993) 
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Taxonomic 
group 
Location Sampling method Timing in 
year 
Off-crop 
habitat 
Off-crop 
abundance 
Off-crop 
species 
richness 
In-crop 
habitat 
In-crop 
abundance 
In-crop 
species 
richness 
Reference 
flowering plants 
Staphylinidae England soil cores winter beetle bank or 
hedge 
1200-3500 
(n/m2) 
    Collins et al. (1996) 
Staphylinidae Belgium water traps June-Oct    carrots 1.5-2.6 (n/trap/week) Colignon et al. (2002) 
total insects Netherlands sweep netting June    winter 
wheat 
10-40 (n/100 
m) 
 De Snoo & De Leeuw 
(1996) 
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D.  VULNERABILITY ANALYSIS OF SELECTED NON-TARGET ARTHROPOD SPECIES 
Standardized scores used in the analysis. 
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standardized score
exposure habitat choice 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1 1 1 1 1
food type 0.5 0 0 0 0 0 0 0 0 0 0.5 0 0
timing of breeding 0 0 1 1 1 0 1 1 1 1 1 1 1
recovery dispersion 0 0.667 0 0.667 0.667 0.667 1 1 0.333 0.333 0 1 0
reproduction 1 1 1 1 1 1 1 1 1 1 0 0 0
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Full set of traits gathered per species. 
 Harpalu
s 
rufipes 
Nebria 
brevicollis 
Loricera 
pilicornis 
Tachypor
us 
nitidulus 
Tachyporu
s 
hypnorum 
Philonth
us 
cognatus 
Xysticus 
kochi 
Aulonia 
albiman
a 
Meioneta 
rurestris 
Erigone 
atra 
Episyrphu
s 
balteatus 
Typhlodr
omus 
pyri 
Aphidius 
rhopalosi
phi 
breeding 
period 
autumn 
1 
autumn 1 spring 1 spring 4 spring 4 autumn 
4 
spring/ 
summer 
spring/ 
summer 
spring/ 
summer 
spring/ 
summer 
spring spring spring 
months when 
active 
may-
sept 1 
apr,may, 
sept-nov 
1 
may, 
june, aug, 
sept 1 
  april-aug 7  may-
june 
 may-aug  spring/su
mmer 
  
hibernation 
stage 
adult/ 
larvae 1 
larvae 1 adult 1 adult/  
larvae 5 
adult 8 larvae 9     adult/larv
ae12 
adult  
hibernation 
location 
field 1 margin 1 margin 1 boundary 
6 
boundary/ 
field edges 
4 
field 4     migrate? 
12 
vegetatio
n/soil 
 
life cycle 
duration 
1 year 2 1 year  2 1 year 2  1 year 7      adult life 
is short 13 
2 months short  14 
dispersal flight 3 flight, 
walking 3 
flight 3 walking, 
flight 
walking, 
flight 8 
walking, 
flight 9 
walking walking ballooning
, walking 
11 
ballooni
ng, 
walking 
11 
flying walk flying 15 
reproduction univolti
ne 2 
univoltine 
2 
univoltine 
2 
univoltine univoltine 
8 
univoltin
e 
univoltin
e 
univolti
ne 
univoltine univolti
ne 
multivolti
ne 12 
3 to 4 
generatio
ns 
multivolti
ne 14 
food seeds 3 prey 3 prey 3 prey prey  prey prey prey prey prey larvae  
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